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Long sustained effort towards CP
violation in neutrinos

e [ ctter of Intent 2002, Neutrino Oscillation Experiments for Precise
Measurements of Oscillation Parameters and Search for numu-
>nue Appearance and CP Violation, Hep-ex/0205040

e BNL-69395 (2002), 71228 (2003), 73210(2004), Phys.Rev.D68:012002,2003.

® Proposal in 2006: Proposal for an Experimental Program in

Neutrino Physics and Proton Decay in the Homestake
Laboratory: BNL-76798-2006-IR, hep-ex/0608023

® “The program we propose will benefit from a beam from FNAL because of the high
intensities currently available from the Main Injector with modest upgrades. The
possibility of tuning the primary proton energy over a large range from 30 to 120 GeV
also adds considerable flexibility to the program from FNAL.”

® Proposal was reviewed by BNL PAC: recommended that we work with FNAL.

® 2008 - P5 report “The panel recommends a world-class neutrino program as a
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Long-Baseline Neutrino Experiment Collaboration

Alabama: J. Goon, | Stancu

Argonne: M. D’Agostino, G. Drake. Z. Djurcic, M. Goodman, V. Guarino, J. Paley, R.
Talaga, M. Wetstein

Kansas State: T. Bolton, G. Horton-Smith
LBL: B. Fujikawa, V.M. Gehman, R. Kadel, D. Taylor
Boston: E. Hazen, E. Kearns, S. Linden, J. Stone Livermore: A. Bernstein, R. Bionta, S. Dazeley, S. Ouedraogo
Brookhaven: M. Bishai, R. Brown. H. Chen. M. Diwan, J. Dolph, G. Geronimo, R. Gill, R, -0ndon: J. Thomas
Hackenberg, RI.SHglﬁn,'S.rﬂvgﬂ’s, D. Ja?‘frze’, S. Jlljvrgﬁg’rka'r,j). . keftell‘,arlgnl_"an:ﬁi, Y. I_Ii,’L.' Los Alamos: S. Elliott, A. Friedland, G. Garvey, E. Guardincerri, T. Haines, D. Lee,

- : ol : W. Louis, C. Mauger, G. Mills, Z. Pavlovic, J. Ramsey, G. Slnnls W. Sondheim
Littenberg, J. Ling, D. Makowiecki, W. Marciano, W. Morse, Z. Parsa, C. Pearson, V. ’ ’
Radeka, Resc?a T. Russo, N. Samios,R. Sharma, N. Simos, J. Sondericker, J. R. Van de Water?—| White, K- Yarritu

Stewart, H. Tanaka, C. Thorn, B. Viren, Z. Wang, S. White, E. Worcester, M. Yeh, B. Louisiana: J. Insler, T. Kutter, W. Metcalf, M. Tzanov

Yu, C. Zhang Maryland: E. Blaufuss, R. Hellauer, T. Straszheim, G. Sullivan
Caltech: R. McKeown, X. Qian Michigan State: E. Arrieta-Diaz, C. Bromberg, D. Edmunds, J. Huston, B. Page
Cambridge: A. Blake, M. Thomson Minnesota: M. Marshak, W. Miller
Catania/INFN: V. Bellini, G. Garilli, R. Potenza, M. Trovato MIT: W. Barletta, J. Conrad, B. Jones, T. Katori, R. Lanza, A. Prakash, L. Winslow
Chicago: E. Blucher, M. Strait NGA: S. Malys, S. Usman

New Mexico: J. Mathews

Colorado: S. Coleman, R. Johnson, S. Johnson, A. Marino, E. Zimmerman
Notre Dame: J. Losecco

Colorado State: M. Bass, B.E. Berger, J. Brack, N. Buchanan, D. Cherdack, J. Harton,

W. Johnston, F. Khanam, W. Toki, T. Wachala, D. Warner, R.J.Wilson SXford:lG- B_amSJ-GDe‘flong’JAk\lN.ebeKr Londe. T L A Manm M. N S

Columbia: R. Carr, L. Camillieri, C.Y. Chi, G. Karagiorgi, C. Mariani, M. Shaevitz, W. ennSSyei\égrrtllaR. Vénégrgn’ - Klein, K. Lande, 1. Latorre, A. Mann, M. Newcomer, 5.
Sippach, W. Willis . o

Crookston: b. Demuth Pittsburgh: D. Naples, V. Paolone

roo - D. Demu Princeton: Q. He, K. McDonald

Dakota State: B. Szcerbinska Rensselaer: D. Kaminski, J. Napolitano, S. Salon, P. Stoler

Davis: M. Bergevin, R. Breedon, J. Felde, P. Gupta, M. Tripanthi, R. Svoboda Rochester: L. Loiacono, K. McFarland

Drexel: C. Lane, J. Maricic, R. Milincic, S. Perasso Sheffield: V. Kudryavtsev, M. Richardson, M. Robinson, N. Spooner, L. Thompson

Duke: T. Akiri, J. Fowler, A. Himmel, K. Scholberg, C. Walter, R. Wendell SDMST: X. Bai, R. Corey

Duluth: R. Gran, A. Habig SMU.: T. Liu, J. Ye

Fermilab: D. Allspach, M. Andrews, B. Baller, E. Berman, D. Boehnlein, M. Camﬁbell A. South Carolina: H. D.uyang, B. Mercurio, S. Mishra, R. Petti, C. Rosenfeld, X Tian
Chen, S. Childress, B. DeMaat, A. Drozhdin, T. Dykhuis, C. Escobar, A. Ha South Dakota State: B. Bleakley, K. McTaggert
Hays, A. Heavey, J. Howell, P. Huhr, J. Hylen C. James, M. Johnson, J. Johnstone, Syracuse: M. Artuso, S. Blusk, T. Skwarnicki, M. Soderberg, S. Stone
H. Jostlein, T. Junk, B Kayser G. Koizumi, T. Lackowski, P. Lucas, B. Lundberg, T.

Lundin, P. Mantsch, E McCIuskeE(/ S. Moed Sher. N. Mokhov, C. Moore, J. Morfin, B.  1€Xas: S. Kopp, K. Lang, R. Mehdiyev
Norris, V, Papadlmltrlou R. Plunkett, C. Polly, S. Pordes, O. Prokoflev J. Raaf, G. Tufts: H. Gallagher, T. Kafka, W. Mann, J. Schnepps

Ramelka B. Rebel, D. Reltzner K. Rlesselmann R. Rucmskl R. Schmldt D. . - . ; I
Schmitz, P. Shanahan M. Stancari, J. Strait, S. Strlganov K. Vazm G. Velev G. U.CL.AZ K. Arisaka, D. Cline, Kj Lee, Y Meng, F. Sergiampietri, H. Wang
Zeller, R. Zwaska Virginia Tech.: E. Guarnaccia, J. Link, D. Mohapatra
Hawai’i: S. Dye, J. Kumar, J. Learned, S. Matsuno, S. Pakvasa, M. Rosen, G. Varner W?Sh'ng_toné Hlé, E;erTS;('S. EnISmOt'OkJ.HKaspar’Al\\lII;I-OIIiCh’RHII\}/T. Tseung 5 Webk
. . Isconsin: B. Balantekin, F. Feyzi, K. Heeger, A. Karle, R. Maruyama, D. Webber,
Houston: L. Whitehead C. Wendt

Indian Universities: V. Singh (BHU); B. Choudhary, S. Mandal (DU); B. Bhuyan [IIT(G)];  Yale: E. Church, B. Fleming, R. Guenette, K. Partyka, J. Spitz, A. Szelc
V. Bhatnagar, A. Kumar, S. SahljpaI(PU)

Indiana: W. Fox, C. Johnson, M. Messier, S. Mufson, J. Musser, R. Tayloe, J. Urheim
lowa State: I. Anghel, G. Davies, M. Sanchez, T. Xin

IPMU/Tokyo: M. Vagins

Irvine: G. Carminati, W. Kropp, M. Smy, H. Sobel
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Collaboration L

e (Collaboration has 60 institutions from 25 states, 5 countries,
>300 members.

® Beginnings of international collaborators.

e All important collaboration committees have been organized
and working well. Institutional Board meeting regularly.

e Executive Committee has been meeting regularly (every 2
weeks for 2 years).

® [arge fraction of the collaboration has never worked at FNAL
or are coming back after a long absence.

e [.BNE collaboration with 1ts breadth intends to be a stron
asset for FNAL for the future. B
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LBNE Project Organization

DOE Office of HEP
). Siegrist, Assoc Dir » Fermilab is the Lead Lab, and 1s

E. Rosenberg, LBNE Pgm Mgr .
responsible for the Beam and LAr
DOE LBNE Federal
Project Director DeteCtor
e » BNL is responsible for the Water
FNAL Cherenkov Detector

P. Oddone, Director

Y.K.Kim, Deputy Director » LANL 1s responsible for the Near
Detector
LBNE Project

Management Office * The Project and Collaboration are well
J.Strait, Project Mgr . .
E.McCluskey, ProjectEng lntegrated.
il i - Collaboration is heavily involved in
Project planning.
e sl ik g Project leadership are members of
R i e the Collaboration Exec Committee.
Spokespeople are members of the

Project Management Board.

1.4 Far Detector: 1.5 Far Detetctor: 1.6 Conventional
Water Cherenkov Liquid Argon TPC Facilities
J. Stewart B. Baller T.Lundin
(BNL) (FNAL) (FNAL)
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Far detector Technology Choice:
A Deliberate and Comprehensive Process

e January 2010: Physics Working Group (PWG)
established

* August 2010: PWG/Community Summer Workshop
on LBNE at the INT in Seattle. Interim report
released (final version now posted at ArXiv:

1110.6249v1) with evaluation of 14 possible far
detector configurations




PWG Established at January 2010

LBNE Collaboration Meeting

Working Group Organization

Far Detector Simulations
Groups (WCh and Lar)

Physics Working Group
These groups will continue to operate as
they do now, responding to requests from Organized via PHYSICS TOPICS
the project to develop detector designs
for the far detectors. Need BEAM AND ND Will evaluate:
GROUPS (combined?) 1. Potential scientific impact
2. Evaluation of sensitivity for
These groups need to collaborate with reference physics configurations
Project Management to come up with 3. Enumeration of potential risks

“physics reference detector”. E.g., particle
ID, energy resolution. This list should be
vetted via a suitable process. SIMPLE

LIST IS NEEDED.

Justification for each number (measured,
extrapolated, simulated) plus estimated
uncertainty.
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Basic principles for PWG
also established

Process

Topical groups MUST be technology independent as far as
participants. They need to consider technology
performance, but should not be technology advocacy
groups.

Groups formed within next two weeks. Leader appointed
by spokespersons (consultation with EC).

Reference configurations/parameters approved by EC by
February.

Reports from PWG at May meeting. Interim status
reports to EC on regular basis

Final reports by end of August

EC retreat — presentation to Collaboration at September
meeting
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LBNE-PWG-002 (Rel. 0.0)

(Additional Contributors)

The Physics Potential for a Comprehensive Set of Beam, Near Detector and Far
Detector Configurations of the Long-Baseline Neutrino Experiment Project

M. Bass,? M. Bishai,?'* E. Blaufuss,}** R. Carr,* M. Diwan,? S. Dye,’* B. Fleming,?! H. Gallagher,'*:*

G. Garvey,? R. Guenette,?! D. Jaffe,> E. Kearns,»'* S. Kettell,? J. Link,?® W. Louis,” S. Mishra,!” D. Mohapatra,?’
V. Paolone,'® R. Petti,'” * J. Raaf,! D. Reitzner,® K. Scholberg,> * M. Shaevitz,' M. Smy,'?'* R. Svoboda,!!
R. Tayloe,” N. Tolich,!®:* M. Vagins,® * B. Viren,2 L. Whitehead,? R.J. Wilson,>: T G. Zeller,® and R. Zwaska®

(Long-Baseline Neutrino Experiment Science Collaboration Physics Working Group)

August 2010
Report of the
PWG

A. Beck.22 O. l:x»‘Ac:.uhar.r"’3 F. Beroz,® A. Dighe,?* H. Duan,?® A. Friedland,?® D. Gorbunov,%? P. Huber,?® W. Johnson,?’
J. Kneller,*® J. Kopp.*! C. Lunardini,*® W. Melnitchouk,** A. Moss,** M. Shaposhnikov,*® and D. Webber!?

# Detector configuration LBP PDK SNB SRN Atm Sol
ex Ky
1 Three 100 kt WC, 15% Al C2 D4 B3 D4 Bl D3
la Three 100 kt WC, 30% N C2 CG B3 C4 BEIEEEE
1b Three 100 kt WC, 30% with Gd Al Bl B2 B3 A1 Bl B1
2 Three 17kt LAr, 4850', v trig BN ES BEEm B4 ES BBl ES
2a Three 17kt LAr, 300', no ¥y trig BN ES A2 B4 ES5 BEIm ES
2b Three 17kt, LAr, 800', y trig B ES A2 B4 E5 BBIm ES
3 Two 100 kt WC, 15% + One 17 kt LAr, 300', no v trig Al D4 B4 A2 D4 B3 D3
3a Two 100 kt WC, 30% + One 17 kt LAr, 300', no y trig e D3 B84 BEmm D4 B3 Q2
3b One 100kt WC, 15% + One 100kt WC,30% & Gd +Onel7 A1 C3 B3 Al B2 B3 Q2
kt LAr, 300", no y trig
4 Two 100 kt WC, 15% + One 17 kt LAr, 800', y trig Al D4 B4 A2 D4 B2 D3
4a Two 100 kt WC, 30% + One 17 kt LAr, 800, y trig B D3 B84 BEmm D4 B2 Q2
4b One 100kt WC, 15% +One 100kt WC,30% & Gd +Onel7 Al C3 B3 Al B2 B2 (2
kt LAr, 800', y trig
5 One 100 kt WC, 30% & Gd + Two 17 kt LAr, 300', no ¥ trig Al D4 A2 B2 B3 B Q2
6 One 100 kt WC, 30% & Gd + Two 17 kt LAr, 800', v trig Al D4 A2 B2 83 B2 Q2

94

TABLE XXIX. Summary of the relative impact of the reference far detector configurations on the measurement sensitivity.
Only topics where LBNE will make a competitive measurement are included. The entries consist of two parts: 1) a letter
from A-E indicating the impact of the LBNE measurement made possible by a particular configuration as compared to the
[expected| state of world knowledge, and 2) the relative ranking of the different configurations for the physics topic of interest.
Highlighted boxes indicate the preferred option for that topic.
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* With preliminary costs and draft CDR from the
Project Team, an LBNE Executive Committee
Retreat 10-11 September, 2010 made several
decisions:

* Based on a preliminary differential cost estimate for the deep (4850)
versus moderate depth liquid argon option (>100SM), further work on
this option is not justified.

* Better costing information, which should come in November, will

present us with an opportunity to make a branch point in the water/
argon considerations.

* The recommendation on Far Detector Configuration should be made
on the timescale of CD-1. One possibility is to decide on the

configuration of one detector first.
Extracted from EC Summary Report

At September 2010 LBNE Collaboration Meeting

Friday, December 9, 2011



* The NSB decision on DUSEL led to a need to rework
costs assuming a DOE-led Far Site development. It
also put increasing emphasis on prioritization of
science goals and "Value Engineering"

* December 5-6, 2010 EC Retreat in New Haven:

1. 200 kton "WCE" is the "right size" considering balancing
costs and physics performance

2. A "mixed technology" solution is preferred, if a funding
cap is not considered

3. A surface liquid argon detector option should not be
pursued at this time

...50 we now had three options

Friday, December 9, 2011



Case Studies

e At theJanuary 2011 LBNE Collaboration Meeting at
UCLA is was decided to pursue three options: 200
kton WCD at 4850, 34 kton LAr detector at 800, and
a mixed technology solution that was TBD

e Case Study managers were appointed to do in-
depth studies of the science capabilities of these
options.

* The Project Manager initiated cost/risk/schedule
studies of these options in parallel

Friday, December 9, 2011



* DOE OS decided to only pursue a far lab at the
Homestake Site at this time. A committee headed
by J. Marx and M. Reichanadter tasked to review
LBNE as far as costs and science to aid them in
making a decision whether to continue to pursue
the Homestake option

e Case Studies were made for WCD-only, LAD-only,
and Mixed Technology. The Mixed Technology
option was seen by the Case Study managers to
have the best physics, but very expensive compared
to the single technology options.




* Due to interest in the 4850 option for potential
impact on the field as a whole, and rising costs of
the 800 foot option, the LAr 4850 option study

was reopened in July 2011 by consent of the EC
and Project Manager.

* Detailed Case Studies have now been developed
for the WCD and LAD 800 foot options.
LAD-4850/800 is seen mainly as a cost and risk

(muon veto) issue and not central to technology
selection (EC decision in summer 2011)




e Summer 2011, in a series of meeting the EC
adopted documents outlining the principles and
procedures for the final recommendation of the
LBNE initial far detector configuration.

* A process that involves external and internal
reviews that culminates in a recommendation
was agreed to.

* First step was the science case studly.
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Full science
agenda from

WCD case
study

Additional physics
with ATM neutrinos
not shown

Physics Sensitivity Workable Additional Marginal
Depth Requirements Det. Cost
Beam v, appearance with 200 kt/700kW (2 MW), 5 + 5 years livetime
913 7£ 0 sin? 2913 > 0007(0004) 800 ft None 0
30', all (50}3
Mass Hierarchy 30 resolution 800 ft None 0
all d¢p,
for sin® 2(913 > 004(001)
CP Violation 30 discovery 800 ft None 0
for 50% dcp range
Sin2 2(913 > 003(001)
Beam v, disappearance with 200 kt/700kW, 5 + 5 years livetime
d(Am3,) <0.013x 1072 eV? (v) 800 ft None 0
<0.015 x 1072 eV? (v)
d(sin? 2043) < 0.005 (v) 800 ft None 0
< 0.007 (v)
Non-Accelerator, 200 kt, 10 years livetime
Proton Decay (et7’) 0.6 x 10% years 4300 ft None 0
Supernova Bursts 30,000 events 3850 ft None 0
at 10 kpc
Solar v Day/Night 0.5% on Apx 4300 ft 1.5x PMT coverage $50M
Supernova Bursts IBD tagging 3850 ft 2x PMT Coverage  $120M
Gd loading
Relic Supernova s 9-50 events/yr 4300 ft 2x PMT coverage $120M
40 event bkd Gd loading
dcp (Daedalus [1]) 3o discovery 4300 ft 2x PMT coverage  $120M
for 100% dcp range Gd loading
sin? 2913 > (0.004
Proton Decay (K*7) 1.0 x 103 years 4300 ft 100kt scintillator $100M
Geoneutrinos 3770 events/year 4300 ft 100kt scintillator $150M

1.5x PMT coverage

Table 1-1: Summary of sensitivities for priimary physics and for additional physics made possible
with enhancements to the detector configuration. Marginal cost column refers detector enhancement
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Parameter Sensitivity Depth Comment /Assumption
Requirement

Primary Objective 1.1. Beam measurements using v, appearance 5+ 5 years livetime

« 9 /e \ e
sin“20,, > 0.008 (30) minimal all &cp
8 . . 9 . e
Mass Hierarchy 3o for sin“26,, > 0.05 minimal all 8.,
1 r= - . - m 2 - 2
CP Violation 3o discovery minimal sin“26 , > 0.03

for 50% & p range

° . — . = ——
Full S CI en c e Primary Objective 1.2 Beam measurements v, disappearance 5+ 5 years livetime

3(Am3,) (v/v) +0.016/0.025 x 10 ¢V? minimal 1o, sin”26,, = 1.0

agenda from 8(sin”26,,) (v/v) +£0.006/0.009 minimal 1o, sin’26,, = 1.0
L AR case Stu dy Primary Objective 1.3. Nucleon Decay, 33 kt, 10 years livetime

t/BR(p — K*v) 0.4x 10° years 160m 6-7 x beyond exp. SK limit

T/BR(p — e*n®) 0.2 10°° years 16m probably not competitive

Primary Objective 1.4. Supernova Burst, 33 kt, 10 years livetime

Neutrino Yield 3,000 events at 10 kpc 160m

Table 1-1: Summary of physics sensitivities for primary physics objectives with the LAr40
Far Detector configuration described in this report.

Additional physics
with ATM neutrinos
not shown
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Science Capability Review

The Scientific Capabilities Review Committee is asked to evaluate and compare each of the two approaches to building LBNE with

respect to its capabilities to achieve the science goals of the experiment. The Committee's review should consider, but not
necessarily be limited to, the following questions:

1. What are the crucial assumptions made by proponents in deriving the sensitivity for fulfillment of the science goals?

2. How well are these assumptions justified by the proponents based on extrapolation from existing experiments, test beam
measurements, and/or validated simulations?

3. How well have the proponents considered consequences of detector performance being degraded from the assumptions by
“reasonable" variations, where "reasonable" is determined from experience with similar detectors?

4. Are there major scientific risks and opportunities that are not covered sufficiently in the Case Studies?

Review Committee:

David Wark (Imperial College/RAL) Chair
Paul Grannis (Stony Brook)

Dan Green (FNAL)

Ko Nishikawa (KEK)

Hamish Robertson (Washinton)

Bernard Sadoulet (Berkeley)

https://indico.fnal.gov/conferenceDisplay.py?confld=4900
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Reviews in preparation for FDTD, and CD-1

- We have gone through two serious reviews already: 1) NRC review
of underground science, 2) Marx/Reichanadter review of options for
Underg. Sc. These were prepared by collaboration/project teams.

Event Location Date
v Far Site Risk Analysis Workshop Fermilab 13-14 October 2011
Vv Near Site Risk Analysis Workshop pa‘-a’{\O“ Fermilab 19-20 October 2011
e :
v Near Site Internal Conceptual Design Reyi ‘\eS p" d\s\ﬁ);r\nilab 1-3 November 2011
= _ == : e S ‘ode :
¥ Science Capabilities Review (S ‘ \“3\\0 Fermilab 3-5 November 2011
4 WCD, LAr, Beamline, Near Detector, Preﬁc@@g@%igation Fermilab 16-17 November 2011
Workshop Bea oF
. cn pre
v Conventional Facilities Risk Mitigation Workshop Fermila |5 21 November 2011
] Far Site Internal Conceptual Design, Cost, Schedule and Risk GDRF%Fr\nilab 6-9 December 2011
Review
|| Executive Committee Retreat Lake Geneva, WI 12-14 December 2011
LBNE Collaboration meeting Argonne National 15-17 December 2011
Laboratory
Configuration selection December 2011
Near Site Internal Cost, Schedule and Risk Review Fermilab 11-12 January 2012
Director's CD-1 Design, Cost, Schedule and Management Review Fermilab February 2012
DOE CD-1 Review March 2012

Case study documents prepared for Marx/Reichanadter reviey.
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Review status

® Draft Reports from the Science Capability
Review and the Far Site Cost and Schedule have
been delivered.

® They are being deliberated on by the Project
Management and Collaboration boards.
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Scientific Outlook for Oscillations

Our global results for sin?6,;  PRD 84, 053007 [arXiv:1106.6028]

Global evidence for 0,, >0 Note:
*[ o reactor fxes /=" | [ Newreactorfiaxes /¥ |
j j ATM+LBL+CHOOZ
e now more significant that
S Solar+KamLAND
Astonishing conspiracy of the
Y . . T e s two totally independent sets
000 002 004 006 000 002 004 006 of data
sin® 0, sin® 0,

Global evidence for 6,,>0

"""""""""" i e sin®0;3 = 0.021 + 0.007 (old reactor fluxes)
' =] ' SOLAR + KamLAND )
- sin®0,5 = 0.025 + 0.007 (new reactor fluxes)
<] { ATM + LBL +« CHOOZ
s o In conclusion, evidence for sin?6,;>0 at > 30
- (with small changes for new/old reactor
TR T, My Y T e V" T TR T, Y fIUXCS assumed in the flf)'
sin® 0,
Gianluigi Fogli Frontiers in Neutrino Physics, APC Paris, October 4, 2011 27

We shall use Sin?2613 ~0.1 for illustrative spectra
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Detector Size Considerations

. 9 Signal evts Events Events

sin” 26 13 oCP, (+) 0CP (-) 90CP (+)
0.02 170 (0.411)0.06) (0.13:3-05)
0.04 320 (0.4}3:%).04) (O.Igﬂlcg-04)
0.1 774 (0.331(5).03) (0.08313.024)

Table for neutrinos only.
Asymmetry 1n brackets.
100 kTon*yr of efficient
mass needed for 3 sigma
CP resolution.
Anti-neutrino running
and spectrum analysis
needed for ambiguity
resolution.

Hierarchy resolution
improves with O13

A = (N-M)/N+M).
dA = Sqrt((1-A2)/(N+M))

For CP violation detector mass cannot be tuned for O3

® Use 0.7 MW.yr.100kTon (eff mass)
e Efficiency will be defined with respect to total CC cross section.

e Efficient mass = Fiducial mass * signal efficiency.
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Spectra from WCD

Normal Inverted

v Event Spectra: SK1 80% LL Cuts, Energy cut: 5 GeV ve Event Spectra: SK1 80% LL Cuts, Energy cut: 5 GeV
Beam: dusel120e250i002dr280dz-tgtz30-1300km-0Okmoa Beam: dusel120e250i002dr280dz-tgtz30-1300km-Okmoa
L B L B
> 200 | sin%(20;3) = 0.10 . 1 3 200} sin%(20,4) = 0.10 . o
= Hierachy: normal +—— Signal (+ BG), 8cp=-90°" | = - Hierachy: inverted +—— Signal (+ BG), 5¢cp=-90
& ” N=2696(4222), SWB = 69.01 & - N=1369(2905), SIWVB = 34.9 1
@3 1 & 1
§ I[] [l _— Slgnal (+ BG)y 6CP=O° 1 § | Slgnal (+ BG), 6CP=0°
® 10T ] [ H N=2190(3716), SWB =56.1] © 150 £ N=980(2516), SWB = 25.07
> 1 = 1
L4 ] [ I S oSy e Signal (+ BG), 6cp=20° 41 V. e Signal (+ BG), 8cp=90°
e u t rl n O S = I N=1728(3254), SWB = 44.2 ] N=719(2255), SWB = 18.4
100 | R All BG . 100 AllBG 1
N=1526 1 N=1536 1
Beam v, BG Beam v, BG
N=208 N=219
50 50
0 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
d 2 - Energy (GeV) Energy (GeV)
1 I I 1 3 ~~ v, Event Spectra: SK1 80% LL Cuts, Energy cut: 5 GeV v, Event Spectra: SK1 80% LL Cuts, Energy cut: 5 GeV
o A Beam: dusel120e250ni002dr280dz-tgtz30-1300km-Okmoa Beam: dusel120e250ni002dr280dz-tgtz30-1300km-0Okmoa
140 r—r -~ - r -~ 1 - Tt T ] 140 T T T T T T T
[ sin®(26,5) =0.10 . . [ sin®(26,5) =0.10 ,
2 [ Hierachy: normal +—— Signal (+ BG), 5cp=-90° 1 > [ Hierachy: inverted +—— Signal (+ BG), cp=-90°
E 120 - N=613(1603), SWB=19.57 = 120 | N=1234(2218), SWB = 39.3]
I 1 I |
(9] 4 4
3 — Signal (+ BG), 8gp=0° i~ — Signal (+ BG), 85p=0°
2 L | 2 I |
A t . g 100 |- N=839(1829), SK/B =26.7] & 100 | N=1538(2522), SHVB = 49.07]
| r 1 4
n I n u S 1 L e Signal (+ BG), 8cp=90° 1 s e 0 O Signal (+ BG), 8op=90°
80 N=969(1959), SVB = 30.8]] 80 N=1810(2794), SWB = 57.7]
All BG ] All BG
60 N=990 ] 60 N=984 ]
Beam v, BG Beam v, BG
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® For large signal, cuts can be loosened to admit more signal.

e Work continues to understand the background and signal.
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Spectra from LAR
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® [LAR has higher efficiency at higher energies.
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e Work continues to understand the background and signal.
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(calculation includes backgrounds, background
uncertainties, and matter effects) ref: PWG2010

S. Zeller, FNAL, 06/17/11
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Technical Progress lm

® For the neutrino beamline a careful evaluation of two
alternatives was performed. Evaluation included
technical risks, radiation 1ssues, costs, and schedule.

® The technical boards made a difficult choice to go with
MI-10 extraction and an above ground beam.

® The liquid argon purity demonstrator (LAPD) has
achieved several ms lifetime milestone.

® Significant development on new photomultipliers has
taken place from two vendors.
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Neutrino Beam Alternate Designs:
MI-10 Extraction, Shallow Beam

Far Site Review - 6-9 Dec 2011 28
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MI-10 Extraction, Shallow Beam
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Many differences from NuMI design ... issues include:
stability (deep foundations), muon-shine (shielding),
tritium isolation from groundwater (geomembranes)

Far Site Review - 6-9 Dec 2011 29
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MI-10 Extraction, Shallow Beam
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Detector Designs

200 kT water Cherenkov

PMT Electronics Racks,
PMT Cable Risers,
v ’//
Excoss- | 5
cable ray, / ;
5 s '
ll. 7 | aw 'f‘l l ‘ < ’iﬂ Main Tunnel (Half Shown)
f . N 74 ” ) 5

-l -

\ ~
B, Magnetic Compensation Coils
( [most omitted for visibity)

£ - Ore Ring of Wall PMTs

! ‘~->Water Recirculation
M~ Manifolds

Excavaton Tunnel

— ﬂl - Vessel Wall

e ~ ~ “‘
T~ 7 == Floor PIU Support Structure
~ '/

- Floor PIUs
- ”~
e ~-’/ < /

One 200 kT fiducial WC detector
Located at the 4850 foot level (0.2-0.3 Hz)

34 kT liquid argon

Two 17 kT fiducial LAr detectors

To be located at a new drive-in

site at 800 foot level or at 4850. (one
detector shown here) (~200 Hz at 800ft
0.13-0.2 Hz at 4850ft)
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LAPD progress

® Argon gas piston purge
technique has been tried to
achieve LAR purity.

® Stable electron lifetime of

\‘— BN TNl ol e N e TN T Lt B et VTN, TS B accmey
100 >3 ms has been
® Oxygen (liquid) 160 ppb -> 100 ppt 1
1o ] demonstrated without
@ Nitrogen (vapor) 0.75 ppm -> 0.36 ppm .
= cryostat evacuation.
0.1 ==
First electron lifetime reading of ~3 milliseconds
about 100 ppt of oxygen equivalent contamination
0.01
X : e et - = From Brian Rebel
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Water Cherenkov Progress

e HPK has developed
12 inch HQE PMT
with 11 bar pressure
capability.

e ADIT/ETL 1s
developing an 11
inch PMT with
similar parameters.
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Conclusion Bl

® In 2008 P35, this PAC, HEP community, FNAL, and
DOE made an important and courageous decision: to
pursue a world class neutrino program with a vision
for a large detector underground and a high intensity
beam.

® Recent progress in neutrino physics suggests that the
investment we made has a high probability of success.

® We are currently years ahead of anyone else 1n
planning for an experiment such as LBNE.
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